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WATER-PRESSURE DISTRIBUTIONS DURING LANDINGS OF 
A PRISMATIC MODEL HAVING AN ANGLE OF 
1 ° 

DEAD RISE OF 22- AND BEAM-LOADING 
2 

COEFFICIENTS OF 0.48 AND 0.97 
By Robert F. Smiley 

SUMMARY 


Smooth-water landing tests of a prismatic model having an angle of 
1 ° 

dead rise of 22^ were made as part of a landing investigation being con- 


ducted at the Langley impact basin to determine the distribution of water 
pressure on seaplanes. Landings were made for beam- loading coefficients 
of 0.48 and 0.97 at fixed trims between 0.2° and 30.3° for a range of 
initial flight-path angles from 4.6° to 25>9° and also for 90°. 


Initial impact conditions, over-all loads and motions, and maximum 
pressures are presented in tables and figures for all the landings, 
together with instantaneous-pressure-distribution and wave-rise data. 


The experimental wave rise, peak pressures, and pressure distribu- 
tions are found to be in fair agreement with the predictions of the 
available theoryj however, better agreement is obtained by modification 
of the theory. 


INTRODUCTION 


In order to obtain information regarding the magnitude and distribu- 
tion of the water-pressure distribution during seaplane landings, an 
experimental program is being conducted at the Langley impact basin on 
various prismatic models. The results of investigations on heavily 
loaded prismatic models having angles of dead rise of 0° and 30° have • 
been reported in references 1 and 2, respectively. The present investi- 
gation was made on a lightly loaded prismatic model having beam- loading 

coefficients of 0.48 and 0.97, an angle of dead rise of 22^°, and a beam 
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of 3-39 feet. Fixed-trim landings were made in smooth water for a large 
range of trims, velocities, and flight-path angles. During each landing, 
time histories of the pressures, velocities, - draft, and over-all loads 
were recorded. 

The purpose of this paper is to present the experimental pressure- 
distribution, velocity, draft, wave-rise, and over- all- loads data obtained 
from this investigation and to use these data to evaluate and extend the 
existing knowledge of the wave rise and pressure distribution on V-bottom 
seaplanes. Pressure distributions are compared to show the effects of 
flight-path angle and beam loading, and experimental wave -rise and pres- 
sure data are compared with the- available theoretical and empirical pre- 
dictions that are summarized in references 3 and 4. In addition these 
theories are modified in order to obtain better agreement with the experi- 
mental data. 


SYMBOLS 


A hydrodynamic aspect ratio 

/ (Wetted length at keel)^ 

\Wetted area projected normal to keel 

b beam of model, feet 

c wetted semiwidth at any station along keel, feet 

feet per second 

keel (normal to surface for a 

32.2 feet per second per second 
J empirical function of angle of dead rise 


£ equivalent planing velocity, 

(f = x + y cot t = — — ) 

V sin t / 

% hydrodynamic force normal to 

flat plate), pounds 

g acceleration due to gravity. 


K 


transverse-wave-rise ratio 


^tan 82^ 
utan 5]_, 


n 


■Hr 


impact acceleration normal to undisturbed water surface, 

g units (- 3tS2 S. i l ) 



instantaneous pres sure , pounds per square inch 


time after water contact, seconds 

instantaneous resultant velocity of model, feet per second 

weight of model and dropping weight, pounds 

instantaneous velocity of model parallel to undisturbed water 
surface, feet per second 

instantaneous draft of model normal to undisturbed water 
surface, feet 

instantaneous velocity of model normal to undisturbed water 
surface, feet per second 


instantaneous velocity of model normal to keel, feet per second 
(x sin t + y cos t) 

instantaneous acceleration of model normal to keel, feet per 

second per second ( — 

y cos t j 

angle of dead rise, degrees 

instantaneous flight-path angle relative to undisturbed water 
surface, degrees (t an”^ 


angles used to designate wave rise, degrees 


distance forward of step, measured parallel to keel, feet 
transverse distance from keel, feet 
effective angle of dead rise, degrees 
length of keel below undisturbed water surface, beams 

y 

b sin t 

wetted length based on peak-pressure location (longitudinal 
distance from step to position of peak pressure at keel) , 
beams 
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p mass density of water, 1.938 slugs per cubic foot 

t trim, degrees 

Subscripts: 

0 at water contact 

max at maximum value 

p at peak pressure 

Dimensionless variables: 

Cjf normal-load coefficient for a rectangular flat plate based 


on 


(ip?U) 



CA 


1 *2 
— pz 
2 


normal-load coefficient for a rectangular flat plate based 


on 



beam- loading coefficient 



pressure coefficient based on z 


APPARATUS 


The investigation was conducted in the Langley impact basin with the 
test equipment described in reference 5. The test model was a forebody 
of a seaplane float, substantially prismatic in shape as shown in figure 1. 

1 ° 

The prismatic section had an angle of dead rise of. 22— . 


The instrumentation used to measure horizontal velocity and vertical 
velocity at water contact is described in reference 5. Accelerations in 
the vertical direction were measured with two oil-damped strain- gage -type 
accelerometers having approximately O.65 of the critical damping. One 
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accelerometer had. a range from -12g to 12g and a natural frequency of 
120 cycles per second while the other had a range from -lOg to lOg and 
a natural frequency of 100 cycles per second. Both instruments were 
recorded by O .65 critically damped galvanometers having natural fre- 
quencies of 100 cycles per second. Vertical velocity after water con- 
tact was obtained by integration of the vertical acceleration. Draft 
was obtained by double integration of the vertical acceleration. The 
instants of water contact and exit of the model were determined by means 
of an electrical circuit completed by the water. Pressures were measured 
with 43 gages distributed over the hull bottom as shown in figure 2 and 

table I. Forty- two of these gages had flat diaphragms of ~ -inch diameter 

which were mounted flush with the hull bottom; the other was a bellows- 

type gage with a ---inch-diameter pickup surface. Natural frequencies 
4 

of the pressure gages were several thousand cycles per second and the 
response of the oscillograph recording system was accurate to frequencies 
up to slightly more than 1000 cycles per second. 

In order to evaluate properly the experimental accelerometer data 
(and the derived velocity and draft data), the dynamic response charac- 
teristics of the accelerometers and the corresponding recording galva- 
nometers had to be taken into account. Analysis of this dynamic response 
for the experimental conditions of these tests showed that the response 
characteristics of the accelerometer-galvanometer circuit were of such 
a nature that the magnitude of the recorded accelerations should be 
reasonably accurate but that the recorded traces were displaced in time 
by approximately 0.005 second. All the data presented in this paper 
have been corrected for this time lag. 


PBECISI0N 


The Instrumentation used in these tests gives measurements that are 
estimated to be usually accurate within the following limits: 


Horizontal velocity, feet per second . .... ±0.5 

Vertical velocity at water contact, feet per second ±0.2 

Vertical velocity after water contact, feet per second ±0.5 

Vertical acceleration, percent ±5 

Pressure, pounds per square inch ±2 ± O.lp 

Time, seconds ±0.005 

Draft, feet ±0.03 
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TEST PROCEDURE 


A series of 30 landings were made in smooth water with the model 
at 0° yaw and at various fixed trims. Sixteen landings were made with 
the model loaded to a weight of 1177 pounds, which corresponded to a 
beam- loading coefficient of 0.48. For these landing rums the model was 
tested alr trims of 0.2°, 3.2°, 6.3°, 9-3°, 1 2. '4°, 20.5°, and 30-3° for 
a range of initial flight-path angles from 4-. 6° to 25*9° and also for 
90°. Fourteen landings were made with the model loaded to a weight of 
2369 pounds, which corresponded to a beam- loading coefficient of 0.97* 
For these landing runs the model was tested at trims of 0.2°, 6. 3°, 

12. 4-°, 15. 4-°, 20. 5°, and 30.3° for a range of initial flight-path angles 
from approximately 5° to 15° and also for 90° • 

During each landing a compressed-air engine (described in refer- 
ence 5) exerted a vertical lift force on the model equal to the test 
weight so that the model simulated a seaplane with wing lift equal to 
the weight of the seaplane. Otherwise the model was free to move in 
the vertical direction. The model was attached to a towing carriage 
weighing approximately 5400 pounds in such a manner that it could not 
move horizontally with respect to the carriage. Because of this large 
additional carriage inertia, the model did not slow down very much 
(horizontally) during any landing. 


EXPERIMENTAL RESULTS 


The initial vertical, horizontal, and resultant velocities, flight- 
path angles, trims, and model weights for all landings are presented in 
table II together with the experimental over-all loads and motions. 

Time histories of the vertical velocity are presented in table III. The 
corresponding instantaneous horizontal velocities are substantially the 
same as the initial values given in table II since the change in hori- 
zontal velocity during any impact was small. _ The values of the maximum 
pressures recorded on each pressure gage are presented for all runs in 
table IV and the corresponding times of maximum pressure are presented 
in table V. The peak-pressure data for two runs are plotted against 
1*2 


2 PZ 


in figure 3* The average value of the peak-pressure coeffi- 


cient 


1 .2 

gPZ 


(see faired lines in fig. 3) as obtained from similar plots 


for other runs are plotted against trim in figure 4- for all runs. In 
table VI are given instantaneous-pressure-distribution data from most 
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of these landings together with the corresponding measurements of time, 
draft, vertical velocity, and vertical acceleration. Illustrative pres- 
sure distributions are plotted in figure 5 for various tr ims . 

Transverse -wave -rise measurements, as defined by the following 
equation, are shown in figure 6 for trims between 3.2° and 15.4°: 


tan 82 
tan &■]_ 


( 1 ) 


The angles &i and &2 are shown m figure 7( a )> 8p being given by 
the relation 


tan 8p = tan t cot £ 


The angle 82 was obtained from observations of the experimental pres- 
sure distributions (from table VI) or of the position of the peak pres- 
sure on the float (from table V). For trims greater than approximately 
15°, an examination of unpublished underwater photographs obtained at 
Langley tank no. 1 for a planing prism having an angle of dead rise of 
20 indicates that the peak-pressure line is curved} therefore, equa- 
tion (1) is not valid. Consequently, no wave-rise ratios are shown for 
the trims larger than 15.4°. 


ANALYSIS OF RESULTS 
Wave Rise 


During the impact or planing of a V-bottom prismatic model, the 
water rises above the level water surface. The forward component of 
this rise (kp - k<3. in fig. 7( a )) is usually small. The transverse wave 
rise, however, is usually large. This transverse wave rise is defined 
by the location of the peak-pressure line on the hull bottom, which is 
close to the boundary of the wetted area (see fig. 7). For small trims 
(up to approx. 15° according to the previously mentioned unpublished 
planing data for a model having an angle of dead rise of 20°), this peak- 
pressure line is substantially straight and can be conveniently described 
by the ratio K. Pierson and Leshnover have proposed the following 
equation for K in reference 4: 
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K 



3 tan^ft cos 3 

1.7it 2 


tan 3 sin^(3 \ 

3-3* ) 


( 2 ) 


This theoretical variation is compared, with the experimental data of 
this paper in figure 6. Fair agreement is seen to exist. 


Peak Pressures 

Several equations have been proposed for the peak pressure on 
V-bottom wedges having a finite angle of trim. Two of the most promising 
of these equations are considered and a third more accurate equation is 
proposed. The following' equation was derived by Pierson and Leshnover 
in reference 4: 


1 *2 
2^ 


(k - sin 2 3) 2 
sin 2 (3 + K 2 tan 2 T 


+ COS 2 p 



where K is given by equation (2). Equation (3) is based upon a theo- 
retical analysis concerned with the peak -pressure line. If such a line 
exists reasonable results might be expected from this equation. However, 
for very large trims no such line exists (see fig. 7) and this analysis 
does not hold. For example at 90° trim equation (3) predicts 


= COS 2 p 


1 .2 

— pz 
d 


whereas a more accurate relation is 


Pp 

ipz 2 

2T 


(b) 


(see reference 2). In order to determine the value of equation (3) for 

1 ° 

an angle of dead rise of 22^ , computed and experimental peak pressures - 

are compared in figure 4. It is seen that this equation is conservative 
for trims below approximately 10° and is fairly reasonable for trims 
between 10° and 30° • 
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A second equation which has been proposed for the peak pressure 
is the following semiempirical equation proposed in reference 2: 


_ 


1 .2 

jjPZ 


sin^r 


4 


tan 2 p 


cos 


2r 


( 5 ) 


This equation is an empirical relation which was chosen to satisfy the 
theoretical re'lation given by equation (4) for 90 ° trim, to satisfy the 
following theoretical relation given by Wagner 


Pp 


1 *2 
2 pz 


11 2 
— cot JB 

4. 


(t = 0°; P->0°) (6) 


and to satisfy the experimental variation of the peak pressure with trim 
for a model having a 30° angle of dead rise (reference 2). Comparisons 
of the predictions of equation (5) with the experimental peak-pressure 

qO 

data from this paper for an angle of dead rise of 22^ (shown in fig. 4) 

indicate that, for this angle of dead rise, equation (5) is conservative 
throughout the trim range. 

Since neither equation ( 3 ) nor equation (5) is always in close 
agreement with the experimental data, a third equation is proposed here 
as 


Pp 1 


i ;2 sin^T + J^cos'V 
2^* 


(T) 


where J is considered to be a function of angle of dead rise alone. 
Equation ( 7 ) was obtained by replacing the quantity p. tan (3 in equa- 
tion ( 5 ) by a more general quantity J. In order to satisfy equation (6) 
and to agree with the experimental data of reference 2, J must have the 

values ^ tan p for P— >0° and r = 0° and for P = 30° for all trims 

so that for these cases equations (5) and (7) are identical. For other 
angles of dead rise, J can be determined either empirically or from 
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theoretical solutions for the two-dimensional case for which equation (7) 
reduces to the relation 


1 .2 
Tjpz 


(r = 0°) 


1 ° 

For an angle of dead rise of 22i- , 


an examination of the experimental 


data in this paper indicated that the value of J that best fits the 
data is 0.293. Computed peak pressures based on this. value of J are 
compared with the experimental pressures in figure k. Reasonable agree- 
ment is seen to exist for all trims. 


Pressure Distribution 

Effects of beam loading and flight-path angle .- Experimental pressure 
distribution data for various trims are shown in figure 5 in- the form of 

the dimensionless pressure coefficient w . The effect of beam loading 

-L « £_ 

r>PZ 

on these pressure coefficients is shown in figures 5(&) and 5(b) where 
experimental data for the same trim, wetted area, and flight -path angle 
and different beam-loading coefficients are superimposed. It appears 
that there is little difference in the experimental pressure coefficients 
for the two beam loadings tested. The effect of flight-path angle on the 
pressure coefficients is shown in figures 5(c) and 5(d) where experimental 
data for the same trim, wetted area* and beam-loading coefficient and 
different flight-path angles are superimposed. No apparent effect of 
flight-path angle oh the pressure coefficients is noted. This conclusion 
is in agreement with the results of reference 2 for a model with a 
30 ° angle of dead rise. 


Non-chine -immersed region .- For the transverse pressure distribution 
on non-chine -immersed sections of a two-dimensional V-bottom wedge (see 
fig. 7 ) during a zero-trim constant-velocity impact, *Wagner (see refer- 
ence 6 or 7 ) has obtained ah equation which can be expressed as 


P = it cot ft 1 

P = ' (n) 2 - 1 


In order to extend this equation to apply to the case of a finite trim, 
Pierson and Leshnover (reference 4) have proposed that this equation be 
replaced by' the equation 
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it cot 0 


1 -2 
2pz 


\flW (t) 2 - 


(8) 


The maximum value of equation (8) is given by the relation 


l""^"2 = co ^ ^ + 1 (it cot 0 = 2) 


gPz 


*77 = It COt 0 

1 - 2 
2PZ 


(it cot 0^2) 


(9) 


This relation defines 0 in terms of the peak pressure. Different values 
of 0 can be obtained by substituting equations (3)> (5)> and (7) into 
equation (9): 

The value obtained from equation (3}> which will be designated as 0q, is 


* cot 0i = 2\M - ^ sln -- 3 ~ K 2 sin 2 g tan g T 
* sin 2 p + I^tan^ 


(it cot 0i = 2) 


* =0t 9l = S\r ^ + cos 2p 

sin 2 p + K^tan t 


(it cot 0j_ % 2) 


The value obtained from equation (5), which will be designated as 0 2 , is 


it cot 02 = 2 1 


1 - A tan 2 p 

it 2 

pip 

tan T + — tan 3 
2 
it^ 


(it cot 02 = 2) 


it cot 02 = 


sin 2 T + A tan 2 3 cos 2 t 

it 2 


(it cot 02 "S 2^ 
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The value obtained from equation (7), which will he designated as 6 y is 


it cot 9 3 = 2 


1 - J2 


tan^T 


+ J c 


(It cot 



jt cot ©2 =■ 


sin^n - 


+ J^COS^T 


cot 


0 3 S 2 ) 


For the usual case of impacts not made at constant velocity , as a 
first approximation the following term^ which takes into account the 
acceleration normal, to the keel and which is usually negative (see refer- 
ence 3)> should be added to equation (8) 


2zc cp(A) 



( 10 ) 


where 


and 



(0 < A < 00 ) 


9(A) = 1 


1 _ 

2A 


( 1.5 < A < °°) 


(Wetted length at keel)^_ 

Wetted area projected normal to keel 


so that equation (8) becomes 
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Theoretical pressure distributions computed according to equa- 
tion (11) for the non-chine -immersed region of the model are shown in 
figure 5 below the corresponding experimental pressure distributions. 
Most of these pressure distributions were computed by using 9^ with 

J = 0.293* It is seen that on the non-chine - imme rsed region of the 
float bottom these pressure distributions computed by using 8 3 are in 

fair agreement with the experimental data for all trims. The pressure 
distribution computed by using Q^_ is shown in figure 5(a) for a trim 

of 0.2°. As would be expected from the peak -pres sure analysis (see 
fig. 4), this equation leads to pressures larger than the experimental 
pressure for this trim. However, for larger trims (not shown) there is 
little difference between the pressures predicted by using Sj. an<3. 63* 

For all trims, predictions of the pressure distribution based on 6 2 

(not shown) are conservative approximately to the same extent as the 
peak-pressure predictions of equation (5) are conservative (see fig. 4). 
It is noted that the theoretical effect of beam loading on the pressure 
distribution (which effect is given by expression (10)) appears to be 
greater than the experimental effect. 

Chine-immersed region . - A semiempirical procedure for predicting 
the pressure distribution on the chine -immersed region of a prismatic 
V-bottom wedge (fig. 7(b)) has been given in reference 3* It should be 
noted that this procedure requires a knowledge of the normal -load coef- 
ficient Cjf of a rectangular flat plate as a function of trim and 

wetted length. For trims below 16° this variation can be found from 
figure 9 of reference 3* for larger trims the following equation, which 
can be obtained from the analysis of reference 8, can be used 


CN 


- iB(A) ,. sto T cos T ^3 + 0 88A tan 


Usually A s),p so that Cjf is approximately equal to the quantity 
CNp used in the analysis of reference 3* From the evidence presented 


in reference 3 for a model having a 30° angle of dead rise, it appears 
that this procedure gives reasonable results for cases where the chine- 
immersed wetted area of the model is a large fraction of the total wetted 
area. 
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Pressure distributions on the chine -immersed region of the float 
computed according to this semiempirieal procedure are shown in fig- 
ure 5 below the corresponding experimental pressure distributions. It 
is seen that where the chine -immersed wetted area is not too small a 
fraction of the total wetted area (figs. 5(d) ani 5( e )) fair agreement 
exists . 


CONCLUDING REMARKS 


From an analysis of the experimental data obtained during a smooth- 
water landing investigation of a substantially prismatic float having 

1 ° 

an angle of dead rise of 22i and beam-loading coefficients of 0.48 and 

2 1 

0 . 91 , it is seen that the experimental wave rise is in fair agreement 
with the theoretical prediction of Pierson and Leshnover. 


Comparisons of computed and experimental peak pressures indicate 
that the peak-pressure equation advanced by Pierson and Leshnover appears 
to be conservative for trims below 10° and to be in reasonable agreement 
with the experimental data for trims between 10° and 30° . The peak- 
pressure equation advanced in NACA TN 2111 appears to be conservative 
for all trims. A third peak -pressure equation advanced herein appears 
to be in reasonable agreement with the experimental data for all trims. 

An examination of the experimental pressure distributions indicates 
that there is no effect of flight-path angle on the pressure coefficients 
based on the velocity normal to the keel and that there is little differ- 
ence in the experimental pressure coefficients for the two beam loadings 
tested. In non-chine -immersed regions of the float, computed pressure 
distributions corresponding to the three peak-pressure equations mentioned 
compare with the experimental pressure distributions in much the same 
manner as for the respective peak pressures. In chine -immersed regions 
of the float where the chine -immersed wetted "area is not too small a 
fraction of the total wetted area, computed pressure distributions are 
in fair agreement with the experimental results. 


Langley Aeronautical Laboratory 

National Advisory Committee for Aeronautics 
Langley Field, Va., January 10, 1952 
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TABLE I 

PRESSURE- GAOE POSITIOHS 

(See fig. 2) 


Gage 

' 5 

( ft ) 

*1 

( ft ) 

Gage 

5 

( ft ) 

i) 

( ft ) 

1 

0.23 

0. U 7 

23 

1.82 

1.08 

2 

*23 

.77 

21* 

1.82 

1.21* 

3 

.23 

1.08 

25 

1.82 

1.39 

1* 

.23 

1.39 

26 

1.82 

1.51* 

5 

.73 

.1*7 

27 

2.23 

.1*7 

6 

.73 

.77 

28 

2.23 

.77 

7 

.73 

1.08 

29 

2.57 

.1*7 

8 

.73 

1.39 

30 

2.57 

.77 

9 

1.02 

.62 

31 

3.1*0 

.32 

10 

1.07 

.1*7 

32 

3.1*0 

.1*7 

11 

1.07 

.77 

33 

3.1*0 

.62 

12 

1.07 

1.08 

31* 

3.1*0 

.77 

13 

1.07 

1.39 

35 

.73 

-.1*7 

Hi 

1.17 

.62 

36 

.73 

-.62 

15 

1.1*8 

.1*7 

37 

.73 

-.77 

16 

1.1*8 

.77 

38 

.73 

-.93 

17 

1.1*8 

1.08 

39 

1.07 

-.32 

18 

1.82 

.32 

1*0 

1.07 

-.93 

19 

1.82 

.1*7 

la 

1.1*8 

-.32 

20 

1.82 

.62 

1*2 

1.1*8 

-.1*7 

21 

1.82 

.77 

1*3 

1.1*8 

-.77 

22 

1.82 

.93 
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TAB IE II 

INITIAL LANDING CONDITIONS AND OVER-ALL LOADS AND MOTIONS 



■ 

At contact 

new 


Time, t. 

Run 

B 

V o 

*0 


Y o 

B 

%r 

y 

• 

7 

t 

7 

at exit 
(sec) 


■ 











BS 

(fps) 

(fps) 


(deg) 

|Q2| 

(g) 

(ft) 

(fps) 



(sec) 

(ft) 







W - 1177 lb; C & 

■ 0.48 




1 


10.5 

10.5 

10.5 

10.5 

n 

on nn 

0.022 

.025 

3.1*0 

3.42 

0.22 

.25 

8.9 

8.8 



No exit 
No exit 

2 

B 

0 

90.00 



3 

II 

10.5 

10.5 

0 

90.00 

.029 

3.30 

.28 

8.6 



— 

No exit 

■1 


k:r«Kfl 

10.1 

80.0 

■SS2 

BE5] 

l*.8l 

0.36 

6.9 

0.116 


0.356 

■1 



10.7 

KW 

PwE 


a.iji 


7.5 

.159 

mzm 

.545 


mra 

tlAI 

BTSKfl 

tiifl 

iWlW 

Kftl*] 

I5EH 

ER!H 

3E 


E Kffl 

0*3oa 

7 

9.3 

89.3 

7.2 

I&Sjjl 

■me 

0.067 

3.77 


eg 

llWiWil 

ES9 

0.205 

8 

57.5 

10.2 

19a 


.058 

U.57 

MS 



ns 1 

.304 

9 


“80.5 

6.9 

80.2 

u.92 

0.078 

3.73 

ehjii 

1.8 

0.093 

0.42 

0.208 

10 


79.3 

8.7 

78.8 

6.30 

.068 

1*. 81* 


2.7 

.086 

.48 

.202 

11 

12.4 

80.5 

8.9 

80.0 

6.35 

.067 

5.15 

■fid 

3.0 

.087 

.51 

.197 

12 

58.9 

10.8 

57.9 

10.57 

.061* 

It. 88 

.58 

5.3 

.105 

.68 

.266 

13 


47.9 

10.6 

46.7 

12.79 

.066 

1*.17 

.60 

5.9 

.127 

.75 

.331 



41*1 

10.5 

45.9 

12.88 

.062 

4.08 

■al 

6.4 

.130 

•I? 

.345 

ra 

YJ»\M 


££2£fl 


£$933 

0.076 

3^7 

0.67 

5.3 

0.131 

0.80 

0.359 

ri6 

30.3 

24.7 

10.8 

22.2 

EfBfl 

0.096 

aea 

0.91 

Usl 



0.656 




If - 2369 lb; C A 

- 0.97 




17 


12.0 

12.0 

m 


0.032 

122] 





No exit 

18 

12.0 

12.0 

BB 



Bra 

wm 

IfoU 

SB 

B 

No exit 

Ira 

■ 

83.2 

8.0 

82.8 


0.072 





rrea 

0.324 

El 

6.3 

83.5 

11.1 

82.8 

7.61* 

.055 

4.64 

.55 

■£9 

.136 

.80 

.330 

\wm 


63.8 

11.1 

62.8 

10.02 

.058 

3*92 

■EH 

nil 

H55iJ 

Bi 

.459 

22 

12.4 

IFffi 

Kflj 

81.8 



EWHtl 


m 

EBB 

Bai 

0.256 


Ida 

Iwl 

I™ 

E0E3 


nfci 

■fid 

in 


H61 

.498 

El 

15.4 

63.5 

11.3 




mm 

0.72 

i&i 


BLJI 

0.313 

H 

46.8 

11.4 

ijQil 


B&ZD 

3.14 

.79 

irffl 

■BE 

1.10 

.460 



82.2 

7.7 

^1.8 


0.091 

Twl3 

033 

1.5 

0.103 


0.223 

27 

20.5 

83.1 

10.8 

82.U 

7.1*7 

.071* 

5.59 

.63 

3.6 

.096 

.67 

.218 

28 

63.9 

11.1 

62.9 

10.01 

mal 

4.31 

.74 

5.0 

.123 

.84 

.289 

ra 


Ii2.2 

10.9 

40.8 

111. 96 

.087 

2.88 

.84 

6.8 

.185 

1.14 

.476 

|30J 

30.3 

at. 2 

11.2 

1*2.8 

urea 


Era 




, 

0.428 









































































TABLE III 


oo 


TERTICAl-VELOCITT TMI HISTORIES 


‘Run 







A 

y 

(fpa) at time (m 

c) 








0.00 

O.COL 

0.02 

0.03 

O.Ob 

0.05 

0.06 

0.07 

0.08 

0.09 

0.10 

0.11 

0.12 

0.13 

o.iu 

0.15 

0.16 

1 

10.5 

10.0 

9.1 

8.0 

7.1 

6 . it 

5.8 

5.3 

U.9 

U .6 

- - 


ttrr . 

— - 




2 

10.5 

10,2 

9.U 

8.3 

7.3 

6.5 

5.9 

5.U 

5.0 

U.7 

U.5 

— 




_ 


3 

10.5 

10.3 

9.6 

8.5 

7.5 

6.7 

6.0 

5.5 

5.2 

U.8 

U.6 

— 

— - » 

— 

— i 

— 

— 

U 

10.1 

10.0 

9.U 

8.i| 

6.9 

5.1» 

U.o 

2.9 

2.0 

1.2 

—— 

— 


— 

— — *• 

.. . . 

MM*. 

5 

10.7 

10.6 

10.0 

9.0 

7.7 

6.3 

5.o 

3.9 

3.1 

2.U 

__ 

— 

„ 

„ . 




6 

10.5 

10 . U 

9.9 

9.1 

7.9 

6.5 

5.0 

3.8 

2.7 

1.8 


, 

— 




■ 

7 

7.2 

7.2 

7.0 

6.6 

5.9 

U.9 

3.8 

2.6 

l.U 

.3 

— 

— 




— 



8 

10.2 

10.1 

9.7 

9.0 

8.0 

6.7 

5.3 

3.8 

2.5 

1.U 

.5 

-.2 

— 





9 

6.9 

6.8 

6.7 

6.3 

5.7 

U.9 

3.8 

2.7 

1.5 

.u 

-.7 

■ 11 . ■ 



— - 




10 

8.7 

8.6 

8.3 

7.7 

6.7 

5.U 

3.9 

2.3 

.8 

-.7 

— 

— 

LJ --, 


-r 

- -r. 

- , -- 

11 

8.9 

8.8 

8.6 

8.1 

7.1 

5.8 

U.2 

2.6 

1.0 

-.U 



, , 

r-|— , r-| 

— 


- n 

12 

10.8 

10.7 

10.ii 

9.9 

8.9 

7.5 

6.0 

u.u 

2.9 

1.6 

.5 


... — 


-- - 

- 

— 

13 

10.6 

10,5 

10.3 

* 9.8 

9.0 

7.9 

6.6 

5.3 

U.o 

2.9 

1.9 

1.0 

o.U 







lit 

10.5 

10 . U 

10.2 

• 9.7 

8.9 

7.8 

6.6 

5.3 

U.o 

2.9 

2.0 

1.2 

.5 




„ , 

15 

10.5 

10 . U 

10.2 

9.8 

9.1 

8.2 

7.2 

6.0 

U.8 

3.7 

2.6 

1.7 

.8 

0.1 



— 

16 

10.8 

10.8 

10.7 

10.5 

10.2 

9.8 

9.3 

8.7 

8.1 

7.U 

6.7 

6.0 

5.3 

U.7 

U.2 

3.6 

3.1 

17 

12.0 

11.8 

11.2 

10.it 

9.6 

8.8 

8.3 

8.0 

7.7 

7.U 

7.1 

— ■ 

— 

— 


_ 


18 

12.0 

11.8 

11.3 

10.6 

9.8 

9.1 

8.5 

8.1 

7.8 

7.5 

7.3 

— 

— 



— 

—a 

19 

8.0 

8.0 

8.0 

7.8 

7- it 

6.8 

6.0 

5.1 

U.l 

3.2 

2.U 

1.7 

1.0 

— 

— ~ 

— 


20 

11.1 

11.1 

10.9 

10 .lt 

9.U 

8.1 

6.6 

5.3 

U.O 

3.0 

2.1 

— 




— 

— — 

21 

11.1 

11.1 

10.9 

10.ii 

9.6 

8,U 

7.2 

6.0 

U.9 

U.o 

3.2 

2.6 


— 


— 

— 

22 

7.8 

7.8 

7.7 

7.li 

7.0 

6.U 

5.6. 

lt-6 

3.5 

2.U 

1.3 

.3 

-.6 

— - 

— 

— 

— 

23 

11.0 

10.9 

10.8 

10.5 

10.1 

9.U 

8.5 

7.5 

6.5 

5.5 

U.7 

3.9 

— 

— 

— 

— 

— 

2U 

11.3 

11.3 

11.1 

10.7 

10.1 

9.1 

7.9 

6.6 

5.2 

3.9 

2.7 

1.6 

*6 


— 

— 

— 

25 

ll.ii 

11 .U 

11.3 

11.0 

10.6 

9.9 

9.0 

8,0 

7.0 

6.0 

5.1 

U.2 

3*U 

2.7 

2.0 

1.5 

.9 

26 

7.7 

7.7 

7.6 

7.3 

6.9 

6.2 

5.3 

it. 2 

3.0 

1.7 

>u 

-.8 

— 

. 



, 

27 

10.8 

10.7 

10.5 

9.9 

9.0 

mm 

6.1 

U.U 

2.6 

.9 

-.7 

— 




— 

— 

— 

28 

11.1 

11.1 

10.9 

10.5 

9.9 


7.8 

6.5 

5.1 

3.8 

2.5 

1.3 

.3 

— 


— 

— 

29 

10.9 

10.9 

10.8 


10.3 

9.8 

KAi 

8.3 

7.U 

6.5 

5.6 

U.8 

U.o 

— _ 

— 

— 

— 

30 

11.2 




— 

— 

la 

— — 

— — 

— 

— 

— ~ 

— 

— 


— ■ 

— - 




NACA TN 28l6 




TABLE IT 

INITIAL LAEBIS3 C0TOITI0H3 AMD JUXDBW BOTTf* PHESSOHES 


Ban 

T 

id^l 

To 

l*Eil 

T o 

• 

y o 

(fp») 

( 

x o 

(fP«) 

pretworo (lb/«q in.) *t gag* number - 

1 

2 

13 

Ls 

Li. 

6 

7 1 a 

9 10 

11 

12 13 

is 

1 15 

rz 

IV 

18 

V 

PO 

v 

L«2_ 



W - 1177 lbj C 4 - 0.8 

8 







1 

2 

3 

0.2 

10.5 

10.5 

10.5 

90.00 

90.00 

90.00 

10.5 

10.5 

10.5 

0 

0 

0 

6.7 

6.9 

6.3 

5.9 

6.1 

6.0 


1.1 

1.2 
1.6 

!- 5 

6.1 

5.1 

n 

6.1 

5*3 

5.3 

5.6 

8.0 

3.9 

7.0 
6.8 
6.7 
T57T 
12.0 
T7“ 6 

7.0 

7.5 

7.5 

5.8 

5-5 

6.0 

' 1 

?:! 

S.l 

s.? 

8.5 

9.1 

8.9 

10.2 

5.8 

5.9 
6,5 


9.9 

10.8 

6.5 

6.2 

..54 

10.3 

8.7 

6.7 

6.5 

JL -1 

11.7 

10.8 

6.8 
6.6 
6 8 

6.3 

5.8 

6 7 Q 

It 

5 

fT 

3-2 

T7T 

BO. 6 
57.7 
58.2 

7.20 
10.69 
IO. LO 

10.1 

10.7 

TSTJ 

BO.O 

5«.7 

57.2 

18.0 

U.5 

“T7TT? 

l£*5 

12.1 

TTT 


lu3 

3.2 

1079 

8.8 

11.2 

10.8 

T2.3 
10.1 
1C ■* 

7.1 

15.1 

■■<5"Y 

3172 

12.2 

rro 



-9 

1577 

18-0 

l8.2 

12.6 

■TK 

11.9 

9.7 


6.3 

12.7 

1$.2 

11.9 

12.2 

10.6 


8.3 

T3TV 



7 

B 

9.3 

89.3 

4*4 

8.62 

10.22 

7.2 

10.2 

WJT 

56.6 

22.2 

2o.3 

15.7 

15.? 

2.5 

3.1* 

19.7 

17.0 

20.1 

18.5 

12.8 

15.5 

0 

TITS 

18.8 

30 

27.6 




Z9-6 

ST? 

18.8 

Sis 

28.6 

JM 

0 

17.9 

0 

11.7 

18.5 

10.3 

73.1 

Ji*l 

0 

13.8 

M*a 

0 

16.0 

0 

18.0 

- 


n.5 

9 

10 

11 

12 

13 

JL 

12.8 

80.5 
79.3 

80.5 
58.9 
87-9 
47.1 

8.92 

6.30 

6.35 

10.57 

12.79 

12.88 

6.9 
8.7 

8.9 
10.8 
10.6 
10.5 

80.2“ 

78.8 

80.0 

57.9 

1*6.7 

M-2_ 

26.3 

27.3 
21.9 
18.0 

2i.y 

2l*.5 

26.3 

19.9 

15.1 

18.8 


6.5 

2.5 

8.2 

8.3 

5.3 

22.8 

26.2 

21.6 

15.1* 

iy 

21.8 

23.1 

25.2 
21.9 
16.1 
16.7 

1573 

19.7 

20.6 

19-0 

18.3 

184 

0 

2.2 

17.3 

11.6 

11.8 

aiff 

25.6 

25.9 

21.8 

20.5 

16.6 

3S75 

38.5 

81.8 

38.7 

27.1 

28.9 

—a- 


0 

0 

1.1 

13.1 

10.5 

10.9 

19.5 

23.8 

25.2 
22.1 

17.3 
77.8 

"STB 
28.8 
29.3 
26.5 
19-7 
71, ft 

— (3 

11.6 

9.5 

19.5 

18.8 

15.0 


23.6 

29.8 

25.8 
23.1 

21.7 

0 

18.8 
18.5 

17.9 

13-8 

n.q 

0 

0 

35.8 

25.3 

78-1 

0 

0 

0 

17.7 
18.2 

114. 

10.8 

0 

0 

0 

18.2 

io.5 

114. 

0.9 


23.8 
19.1 

15.8 


— 

lur 

30.? 

J&k 

JSj 

m 

10.$ 

10.8 

38.0 


1778 


3.8 

T2.2 

l£.2 

Sit 

10.3 

15.2 

1575 




11.0 

17.1 

16.2 

10.2 



10. fl 

11. fl 

22.2 

875 

8.2 


£.1 

J75 

8.8 

8.2 

7.0 

7.5 

11.3 

___ 


7.1 

8.1 


7.0 


7.7 

6 6 

5.9 

6.1 

6-J. 




W - 23 

W lb, C A 

7 o.y 

7 









17 

18 

0.2 

12.0 

12.0 

90.00 

90.00 

12.0 

12.0 

0 

0 

8.9 

8.1 

6.5 

7.2 


2.1 

2.1 

6.2 

7.1 

^2 

8.2 

7.2 

7.7 

5.2 

8.5 

8.3 

6.6 

8.7 

8.1 



6.0 

6.8 

11.0 

10.9 

13.7 

11.0 

9.0 

8.9 

12.3 

9.0 

9-8 

5.6 

1.1 

10.6 

10.0 

9.9 

9.0 

S.9 

19 

20 
21 

6.3 

“8375 

83.5 

-fiaft 

5-54 

7.68 

10.02 

576 

11.1 

11.1 

82.8 

82.8 

62.6 

l$.5 

22.5 

16.1* 

18.6 

19.6 

15.3 

12.0 

6.3 

9.1* 

6.1, 

18.6 

21.7 

15.9 

157? 

23.2 

18.5 

IK76 

22.6 

17.8 

n.i 

17.1 

18.5 

15.7 
a*. 7 
19.2 

25-3 

35-3 

28.6 


— 

12.2 

19.1 

15.1 

1575 

*5.5 

18.5 

22.7 

38.7 

25.8 

isif 

25.0 

20.5 

13.2 

28.1 

16.1 

2576 

27.2 

18 3 

11.9 

17.0 

11.8 

17.1 

23.3 

17.7 

17.9 

26.0 

90.8 

V* * 

16.1 

23.8 

17.0 




22 

-S- 

12.8 

M.2 

4^5 

iTte?" 

13.68 

7.8 

W-.O 

81.8 

M*|. 

25*6 

16.0 

25.1, 

16.1 

22. B 

T577 

6.3 

Si? 

15.9 

28. B 
1B.5 

28.7 

18.2 

Ti?i? 

18.7 

28.2 

19.7 

S3. 6 
26.8 



"Sis 

15,8 

30.0 

71 .1 

-fis 

25,0 

257? 

18.9 

0 

21.7 

27.8 

?0.1 

23.6 

J && 

31.3 

19.6 

J2.5 

26.8 

79.7 

2.0 

36.1 

25.1 
17.7 

2 r 

15-1* 

63.5 

10.25 

11.3 

U.li 

if.h 

2575 

18.1, 

1572 

AM 

23.1* 

4.2 

Sii 

l?.? 

28.7 

16.2 

17.8 

2975 

19.7 

risi? 

16.7 

32.8 

21.8 

S5.7 

29.1 

30.5 

18.6 


23.6 

16.8 

38.1 

22.5 


29.1 

21.8 

75.8 

37.0 

26.7 

rjW.*/ 

22.0 

13.8 

26 

27 

26 

29 

20.$ 

82.2 

83.1 
63.9 

82.2 

5.38 
7.87 
10.01 
11*. 96 

7.7 

10.8 

11.1 

10.9 

81.8 
82.1* 

62.9 
1*0.8 

38.0 

1*3.1 

26.9 

li.8 

38.0 

37.8 

25.8 
lli.l. 


13.6 
15-3 

10.7 
7.2 

32.2 
35.7 

26.2 
15.1 

35.9 

81.8 

31-1 

17.6 

31.7 

38.2 

28.2 

17.8 

"STS 

31.8 

22.5 

I8.0 

3?76 

39.3 

29.5 

17.0 

TO 

63.0 

83.1 
25.7 

3873 

20.8 

2.2 

29.1 

23-3 

13.8 

35.8 
M.o 
32.2 

18.8 

3S.2 

86.1 

35.0 

19,7 

0 

37.3 

28.8 

16.8 

1677 

39.0 

0 

28.5 
n -i 

0 

26.8 

19.7 

10.7 

0 

25.3 

28.8 

1C.6 

2.0 

10.5 

28.5 

ltf.R 

0 

2.1 
n . 7 

78.7 


82.9 


30 

m 





mi 


mi 




"557l 

1575 

10.8 

10.9 

16.8 


m 





m 

12.8 


17.0 

16.2 







TABUS IV - Coneludnd 


HCTIAL LAJTOOfO COftDITIOJJS A HD UAHKIU BOTTOf PRESSURES - Conclud'd 


■udma pr**amr« (lb/aq In.) at gag* number- 











































TiBLB 7 


s 

> 


TUBS or JUXMtJlC bottom prksorks 



ro 

CD 


CT\ 


ro 



TABLE V - Concluded 


ro 

ro 



I 


ro 

CD 

H 

0\ 


\ 


' ll !' 


"1 


.1 




• • 


1 


1 


l 




TABLE TX 


nQTANTAJttOOS PRES3TBE mSTRUfflTIfflB 


(») W ~ U77 lb; c 4 - o.bs 


Run 

T 

<**) 

t 

("C) 

r 

(ft) 

r ^ 

(fp») 

% 

(«) 

Prapjnm (lb/oq In.) *t yuy* rnaiher - 

1 

2 

3 

b 

5 

6 

7 

8 

9 

— 

10 

11 

12 

13 

lb 

3 

16 

17 

18 

19 

20 

21 

22 

1 

0.2 

0.02? 
.01)0 
• U3U 

.070 

0.26 

,36 

.b7 

.55 

8.b 

7.2 

C- A 

5l3 

3.28 
2.62 
1. 5 r 

1 

1.6 
1.0 
1 ft 

nv 

1.0 

2.9 
2.1 
1 1 

11 I 

1.7 

— 

0 

0 

.6 

0 

1.5 

1.2 

1 ft 

i!o 

2.8 

1.5 

1.1 

1.1 

0.5 
2.6 
1 ft 

.9 

0 

1.1 
1 0 

*•/ 

1.1 

2.0 

.6 

•3 

0 

n 

1.1 

1.1 

2.6 

13 

1 1 

1.0 

— 

0 

.6 
1 A 

U 

.8 

3-b 

2.0 
*1 L 

A-mH 

l.b 

2.0 

l.b 

ft 
. 7 

3 

3-3 

I . 6 

■1 ft 

J. • c. 

1.2 

— 

— 

b.O 

3.5 

r. c 

44 

2.9 

1.7 

*1 ft 

b.2 

2.1 

1.2 

_jt2 

6.3 

3.2 

ft ft 
A* 1 

13 

— 






2 

0.2 

0.027 

.obo 

*0Sh 

. 070 I 

■& 

s’M 

.38 

.be 

.57 

8.6 
7.3 
6.2 
5 b 

"3735 

2.65 

i.« 

1.25 

T7IT 

.8 

.3 1 

~~J3 

1.3 

.7 

10 ) 
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Figure £2.- Location of pressure gages in rioat bottom. 
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Figure 3.- Experimental variation of the ] 
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Figure, 4.- Experimental and calculated variations of the peak-presBure 
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coefficient with trim, f) = 22k- . 
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Figure 5-- Continued. 
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Figure 6.- The transverse -vave -rise ratio IK = I for a float having 
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